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THE IRISH ASTRONOMICAL JOURNAL 


By Sawyer Hoae 


N a world which is replete with literature, both scientific and other- 
wise, a new astronomical periodical must be of a very high 
calibre to draw much notice. Of such excellence is the Irish Astro- 
nomical Journal, which began its volume 1, number 1, in March 
1950, though our own copy was not received till last November. A 
quarterly Journal, four numbers of it have already appeared, the last 
in December, 1950. Already the articles from this new journal are 
being widely discussed and quoted in other astronomical literature. 


The Irish Astronomical Journal is a publication of the Irish 
Astronomical Society, and is a vibrant symbol of the reawakening of 
astronomical interest in Ireland, with its important observatories at 
Armagh near Belfast in Northern Ireland, and Dunsink, near Dublin 
in the Irish Free State. It is this combination of observatories which 
is behind the powerful ADH telescope (Armagh-Dunsink-Harvard ) 
which has just been put into operation at the Harvard southern station 
in Bloemfontein, South Africa. 

The Irish Astronomical Society has one great advantage over 
the Royal Astronomical Society of Canada in that it can hold a 
general meeting which most members can attend by travelling a few 
dozen miles. Each year the Society holds what it terms a “Rally” 
and the writer wonders if our own Society might borrow that term 
with profit for some of our own meetings. The rally was held in 1947 
at Armagh, in 1948 at Dublin, in 1949 at Belfast, and again at Armagh 
in 1950 when 150 members attended. The latest project being 
sponsored by the Society is a planetarium to be built at Armagh. 


9 


98 Helen Sawyer Hogg 


The first number of the Irish Astronomical Journal contains on 
its first page a history and description of the Irish Astronomical 
Society by Dr. Eric M. Lindsay, the President of the Society and 
Director of the Armagh Observatory. Much credit is due Dr. 
Lindsay for the resurge of astronomical interest in Ireland. Members 
of the Royal Astronomical Society of Canada should take a great 
deal of pride in the fact that the success of our own society has pro- 
moted the formation of an Irish Society along similar lines, for Dr. 
Lindsay states “the organization which was planned resembled closely 
that of the Royal Astronomical Society of Canada. The Society would 
consist of a number of Centres, each accepting the Constitution and 
By-Laws of the Society but supplementing these by such regulations 
as might be suitable to their own needs provided they did not conflict 
with those of the Society. The general affairs of the Society would 
be managed by an overall President and Council, the latter consisting 
of representatives from the Centres. Members residing outside Ireland 
would not be attached to any one Centre.” 

The Belfast Centre was inaugurated on October 18, 1946, at 
Queen's University; on December 3, 1946, an Armagh Centre was 
formed, and the newest Centre at Londonderry was started November 
4, 1948. To the Irish Astronomical Society we wish as long and suc- 
cessful a course as the Royal Astronomical Society of Canada has 
already had! 

As for the Journal itself, it is of convenient and pleasing form, 
filled with worthwhile material of great interest. It is 7% by 9% inches 
in size, its cover attractively designed with a telescope drawing and 
miniature sketches of the observatories of Armagh and Dunsink. The 
Editor is Dr. E. J. Opik of Armagh, and Members of the Board are 
Dr. H. A. Briick of Dublin, Vincent Deasy of Dublin, A. P. Fitz- 
gerald of Belfast, Professor W. G. Guthrie of Londonderry, Richard 
Hayward of Belfast, Dr. E. M. Lindsay of Armagh; Mr. E. J. 
Cantlon, Chairman of the Armagh Centre, is assisting the Board. 
“The magazine is planned as a non-technical review of modern astro- 
nomical knowledge and related subjects, with special reference to 
astronomy in Ireland. Its contents will normally be such as to interest 
both the general reader or amateur and the specialist, as well as to 
give outlines of astronomical problems to scientists in other fields.” 
Such aims are very similar to those of our own JOURNAL. 
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Our readers can learn for themselves the wide scope of material 
if we list the Table of Contents of volume 1, number 1. Our Society, 
by E. M. Lindsay ; Progress at Armagh Observatory, E. M. Lindsay ; 
The Re-Establishment of Dunsink Obervatory, H. A. Bruck; Explor- 
ing Between the Stars, E. M. Lindsay; Mercury: An Historical 
Error, A. P. Fitzgerald; The Aurora Borealis, James Paton; Mars 
and the Asteroids, E. J. Gpik; News and Comments; Astronomical 
Diary for 1950; I.A.S. Chronicle; The Council of the Irish Astro- 
nomical Society; Queries and Answers. 

In subsequent issues Dr. Gpik’s work on meteors and meteoritic 
material, a vital part of astronomy, adds much to the Journal. A 
particularly valuable feature is the News and Comments section pro- 
viding an excellent summary of current astronomy in many lines. As 
might be expected in a country where the great Lord Rosse and his 
telescope penetrated the heavens many decades ago, there are numer- 
ous papers on the history of astronomy in Ireland. An article in the 
December issue by W. G. Guthrie on “The Blue Sun” is an appro- 
priate sequel to the article in our own December JOURNAL on the 
same “Blue Sun”. 

The recognition of astronomy in Ireland at present is attested by 
the fact that for the first time a meeting of the Royal Astronomical 
Society was held outside Great Britain, in Dublin, September 20-24, 
1950, and a very interesting account is given of the many excellent 
speakers at these sessions. 

From our sister publication we hope for a long series of numbers 
whose material equals in excellence that of the first four issues. 
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THE ATMOSPHERES OF THE PLANETS* 


By G. HERZBERG 


(With Plates III and IV) 


ABSTRACT 


This paper gives a review of the present status of spectroscopic investigations 
of planetary atmospheres including that of the earth. In the case of the earth's 
atmosphere the recent discovery of OH in the spectrum of the night sky by 
Meinel is discussed and its importance for the phenomena in the upper atmosphere 
is pointed out. The spectroscopic detection of CO, in the atmospheres of Venus 
and Mars is described in some detail and laboratory investigations aiming at 
more accurate determinations of CO» content, pressure and temperature in these 
atmospheres are discussed. The observations of CH, absorption bands in the 
major planets and the satellite Titan are summarized and the possibility of de- 
tecting molecular hydrogen by means « 


f the quadrupole rotation-vibration 
spectrum is outlined. It is probable that one of the unidentified features in the 
spectrum of Uranus and Neptune is due to the 3-0 band of the pressure-induced 
rotation-vibration spectrum of He. 


A. Introduction.—The last twenty years have seen considerable 
advances in our knowledge of the constitution of planetary atmos- 
pheres. Much of the new information is due to spectroscopic 
investigations. The following report is mainly concerned with 
this spectroscopic aspect of the subject. Even with this limitation 
a comprehensive account is not possible within the available space 
and I shall select for more detailed discussion mainly those topics 
in which I have been especially interested. 

B. The atmosphere of the earth.—The composition of the atmosphere 
of the earth is well known from direct chemical analyses. The main 
constituents are nitrogen, oxvgen, carbon dioxide, argon, helium 
and the other inert gases, and water vapour (see Table III.) 

A good deal of the new information about our atmosphere has 
been derived from a study of its absorption spectrum, i.e., trom a 
study of the spectrum of the sun observed through the atmosphere. 
It was soon found that the spectrum of any celestial object breaks 
off rather abruptly at about 3000A. while the spectrum of a distant 
light source on the surface of the earth does not break off in this way. 

*\ paper presented to the Symposium on‘ The Atmospheres of the Stars and 
Planets” held by the Royal Society of Canada at the Kingston meeting, June 1950. 
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As is well known, the break-off observed in the case of celestial 
spectra is due to the ozone layer which exists at an average height 
of 25 km. By comparison with laboratory experiments it has been 
found that the ozone layer is equivalent to 3 mm. atm., i.e., to a 
layer of 3 millimetre thickness of ozone at atmospheric pressure. 
In this way the presence of ozone in the upper atmosphere was first 
established. 

While in the laboratory the ozone absorption becomes negligible 
at about 2200A. no light transmission is observed below 2200A. in 
the atmosphere. The reason for this additional absorption is 
probably the continuum joining on to a weak ultra-violet band 
system of O, which was found nineteen years ago.' 

Quite recently in the United States solar spectra have been 
taken from V2 rockets at great heights, above the ozone layer. 
The spectrum extends under these conditions to about 2200A. 
where it seems to be fairly sharply limited. The O2 absorption just 
mentioned will have little effect at the heights reached by V2 rockets, 
but there is a discrete absorption due to the NO molecule which 
under the low dispersion used may give rise to an apparent cut-off 
at 2200A. if a sufficient amount of NO is present in the upper atmos- 
phere. 

In the visible, red and near infra-red part of the spectrum there 
occur strong absorption bands of oxygen which represent two for- 
bidden electronic transitions of this molecule. In addition water 
bands representing overtone and combination bands of the rotation- 
vibration spectrum are very prominent. 

Farther in the infra-red the intensity of the water bands ‘n- 
creases and in addition strong bands of carbon dioxide and ozone 
occur. By a more detailed examination of the infra-red spectrum 
two important constituents of the atmosphere, N2O and CH,, have 
only recently been discovered, the first by Adel? and Shaw, Suther- 
land, and Wormell,’ and the second by Migeotte.4 These gases 

G. Herzberg, Naturwiss., vol. 20, p. 577, 1932. 

2A. Adel, Astrophys. J., vol. 90, p. 627, 1939; vol. 93, p. 509, vol. 94, p. 451, 
1941. 


3]. H. Shaw, G. B. B. M. Sutherland and T. W. Wormell, Phys. Rev., vol. 74, 
p. 978, 1948. 

'M. V. Migeotte, Phys. Rev., vol. 73, p. 519, 1948; Astrophys. J., vol. 107, 
p. 400, 1948. 
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occur with an amount of approximately 0.8 and 1.7 cm. atm. 
respectively. Finally, quite recently Migeotte® has detected small 
traces of carbon monoxide, even at places like the Jungfraujoch 
where no contamination of the atmosphere is present. Goldberg 
and his collaborators® have also reported the presence of minute 
amounts of ammonia, but this is still doubtful. 

It is important to note that the gases nitrogen, argon and 
helium, of which the first is the most abundant constituent of our 
atmosphere, do not give rise to any absorption whatever in the 
accessible region of the spectrum of the earth’s atmosphere. 

More detailed information about the upper atmosphere has 
been obtained by a study of the emission spectra of the aurora and 
of the night sky. The auroral spectra indicate the presence of 
atomic oxygen, nitrogen, sodium and hydrogen and of neutral and 
ionized molecular nitrogen. The strong occurrence of the forbidden 
lines o! atomic oxygen and nitrogen is in conformity with the 
extremely low pressures prevalent in the upper atmosphere. In 
the spectrum of the light of the night sky, just as in the spectrum of 
the aurora, the green line of atomic oxygen is the most prominent 
feature in the visible region. But unlike the spectrum of the 
aurora the spectrum of the night sky in the visible and in the ultra- 
violet region contains only forbidden transitions of molecular 
nitrogen and oxygen, the Vegard-Kaplan bands of N2 and the near 
ultra-violet forbidden bands of Os» referred to earlier. 

Quite recently Meinel’? has obtained beautiful high dispersion 
spectra of the near infra-red part of the night sky and has 
observed in this spectral reg'on both the atmospheric oxygen bands 
in emission and a series of diatomic hydride bands which were 
quickly identified as being due to the OH molecule. Figure | (pl. II1) 
gives a reproduction of one of Meinel’s spectra. When Dr. Meinel 
asked me what kind of transition the new OH bands found by him 
could represent it occurred to me that no new electronic transition 
of OH involving the ground state can be expected in the near infra- 
red and that therefore Meinel’s bands must be rotation-vibration 


5M. V. Migeotte, Phys. Rev., vol. 75, p. 1108, 1949. 

6O. C. Mohler, L Goldberg and R. R. McMath, Phys. Rev., vol. 74, p. 352, 
1948. 

7A. B. Meinel, Astrophys. J., vol. 111, pp. 207, 555, 1950. 
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bands of the OH molecule, i.e., transitions between the various 
vibrational levels of the electronic ground state. Upon calculating 
the positions of the bands 4-0, 5-1, 6-2, 7-3, and 8-3, 9-4, from 
the known vibrational constants of the OH molecule I found an 
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Fic. 2.—Vibrational energy levels of the OH molecule in its ground state. The 
transitions giving rise to the observed Meine! bands are indicated by solid 
vertical lines; those giving rise to bands as yet unobserved are indicated by 
broken lines. 


exact and convincing agreement with Meinel’s observed bands. 
Figure 2 shows the observed transitions in an energy level diagram. 


Later, Meinel® and Cabannes and Dufay® found additional weaker 
bands which fit in the 5-0, 6-1,...and 6-0, 7-1, ... sequences. 


8A. B. Meinel, Astrophys. J., vol. 111, p. 483; vol. 112, p. 120, 1950. 
°J. Cabannes, J. Dufay and M. Dufay, C.R., vol. 230, p. 1233, 1950. 
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There can, therefore, be no question that Meinel’s bands are 
rotation-vibration bands of the OH molecule. 

The intensity of the main group of Meinel’s bands, i.e., 4-0, 
5-1, etc. is of the same order as that of the green auroral line. It 
is well known that the intensity in a progression of rotation-vibra- 
tion bands decreases very rapidly with increasing change of vibra- 
tional quantum number, Av. On the basis of the interpretation of 
Meinel’s bands it must, therefore, be expected that much stronger 
bands appear farther in the infra-red and correspond to the se- 
quences 3-0, 4-1, etc., 2-0, 3-1, etc., and 1-0, 2-1, etc. (see figure 2). 
The intensity in each successive sequence should increase by a 
factor of the order of 20. 

Now it is very significant that a very strong near infra-red 
radiation of the night sky at 10400A. has been discovered by 
Stebbins, Whitford and Swings! five years ago by means of infra- 
red sensitive photoelectric cells. There can be no question that 
this radiation at 10400A. is due to the 3-0 sequence of OH. The 
sequences 2-0, and 1-0, which will be stronger by a factor of at 
least 10 and 100, respectively, have still to be discovered. At any 
rate, the OH molecule gives rise to the strongest feature of the 
night sky spectrum thus far known and on the other hand is a 
constituent that had not been considered for the upper atmosphere 
until early in 1950. 

In addition to the spectrum of the aurora and the ordinary 
night sky luminescence the spectrum of twilight has been studied 
by various investigators and the occurrence of the yellow sodium 
line and of the blue bands of ionized molecular nitrogen, N»2*, has 
been observed. They are considered to be produced as fluorescence 
by the sunlight striking the upper layers of the atmosphere. 

Much work has been done in the past two decades on the 
interpretation of the phenomena observed in the upper atmosphere. 
In the top layers of the atmosphere upon absorption of far ultra- 
violet radiation from the sun all atoms and molecules are subject 
to ionization and in this way the well known ionospheric layers are 
produced which are so important for radio-wave propagation. 
Somewhat lower in the atmosphere when the very far ultra-violet 


J. Stebbins, A. E. Whitford and P. Swings, Astrophys. J., vol. 101, p. 39» 
1945. 
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has been absorbed there is still ultra-violet light of sufficiently short 
wave-length to cause photo-dissociation of molecular nitrogen and 
molecular oxygen. The former occurs for wave-lengths below 
1270A., the latter for wave-lengths below 1750A. I might mention 
here that quite recently at Ottawa Dr. Douglas has confirmed the 
mechanism which was suggested three years ago! as leading to the 
dissociation of the nitrogen molecule, i.e., he showed that there 
really is a very sharp predissociation limit at 1270A. and that, 
therefore, dissociation of N» must necessarily occur even though 
not at a very fast rate. The occurrence of both N» and N.* bands 
in auroral spectra shows that the dissociation of N» in the upper 
atmosphere is by no means complete. 

Photo-dissociation of molecular oxygen occurs down to much 
lower heights in the atmosphere. At the lower levels the con- 
tinuum joining on to the near ultra-violet O. bands mentioned 
previously (i.e. below 2425A.) leads to photo-dissociation at a slow 
rate In these layers collisions of O atoms and Os» molecules will 
occur frequently and it is in this way that the O; molecules of the 
ozone layer are formed. 

The occurrence of OH as an important constituent of the upper 
atmosphere and the emission of its rotation-vibration spectrum 
may be explained by two mechanisms which may, also in other 
respects, be of importance in the upper atmosphere. The first one, 
which is likely to take place only at comparatively great heights, is 
the two-body recombination of O and H atoms, present in the 
upper atmosphere, according to the reaction 


O + H - OH* + hy 


Figure 3 shows the potential energy curves of the states of OH 
arising from normal atoms as well as that of the upper state of the 
ultra-violet OH bands. It is possible that the *}°~ state has a 
shallow minimum and that when the atoms collide in this state, in 
a very small fraction of the collisions, a quantum jump will occur 
to that part of the potential energy curve of the ground state that 
corresponds to the vibrational levels involved in the emission of 
the Meinel bands. Once the OH molecule has been formed and 
has settled in one of the lowest vibrational levels it will, upon 


"G. Herzberg and L. Herzberg, Nature, vol. 161, p. 283, 1948. 
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collision with another oxygen atom, form O: and H according to 
the reaction 
OH +0 —-0.+H + 0.73 e.v. 


This reaction, unlike the first one, is a fast reaction and will occur 
substantially at every favourable collision. In this way the 
hydrogen atoms with which we started out are formed back again; 
they may be considered as a catalyst which causes the recombination 
of oxygen atoms to form O» molecules, a process that otherwise is 
very unlikely to happen. 
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Fic. 3.—Potential curves of the OH molecule. The full-line curves corre- 
spond to the two observed electronic states, the broken-line curves correspond 
to three additional states arising from normal atoms but not yet observed. 


\ 
\ \ 
% 
\ 
\ \ N 
x 
\ 
: \ Non Ths 
Sarst ' 4 
A 
[7 
4 
° 


The Atmospheres of the Planets 107 


An alternative mechanism for the emission of the Meinel bands 
which is likely to be operative at lower altitudes is one in which a 
hydrogen atom reacts not with an O atom but with an O; molecule 
according to the reaction 


O; + H — OH + O, + 3.30 ev. 


This reaction gives just sufficient energy to excite the highest of 
the vibrational levels observed by Meinel. It will again be fol- 
lowed by the reaction 


OH +0O0—0:+H 


which again results in the re-formation of free hydrogen atoms. 
They serve now as catalysts both for the decomposition of O; and 
for the formation of O2. I might mention that this second mechan- 
ism was independently suggested by Bates and Nicolet and by 
myself at a recent meeting in Pasadena. Since then Bates and 
Nicolet” have shown that the second mechanism accounts in a 
semi-quantitative way for the height of the OH emission found by 
Roach, Petit, and Williams" to be 70 km.; this mechanism also 
accounts for the number of photons emitted. 

The formation of the H atoms necessary for the excitation of 
the Meinel bands may occur in several ways; but one of the most 
likely, also discussed by Bates and Nicolet, is the photo-dissociation 
of H:O vapour by light below 1830A. according to 


H:0 + hy +H 


One other interesting point is the question of the temperature 
in the upper atmosphere. Some years ago Vegard and Tgnsberg" 
found from a study of auroral spectra under medium dispersion 
that the temperature in the region where the aurorae occur is 
approximately 220° K. The method by which this temperature 
determination was made is illustrated in figure 4 (pl. III), which 
shows the structure of a band of N.* obtained in the laboratory at 

2D. R. Bates and M. Nicolet, Publ. Astron. Soc. Pac., vol. 62, p. 106, 1950; 
C.R., vol. 230, p. 1943, 1950. 

8F. E. Roach, H. Petit, and D. R. Williams, J. Geophys. Res., vol. 55, p. 183, 
1950. 

“EL. Vegard and E. Ténsberg, Geophys. Publ., vol. 13, no. 1, 1940; vol. 16, 
no. 2, 1944 
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three different temperatures. It is seen how the intensity distri- 
bution in the two branches of the band changes: with increasing 
temperature the maximum of intensity in each branch goes to 
higher quantum numbers. It is clear that conversely by observing 
the intensity distribution it is possible to draw conclusions about 
the temperature at which the bands are produced even if the bands 
are not resolved, and that is precisely what Vegard and Tonsberg 
did. 

Now it is very significant that Meinel’s spectra supply, with 
much greater certainty, temperatures of the same order as found 
by Vegard. Figure 1 shows clearly that the intensity maximum 
in the P branch of each of the OH bands occurs at a very low K 
value.’ It must, of course, be understood that the temperatures 
so obtained aré rotational temperatures. They will be equal to 
the true temperature only if there is thermal equilibrium. Un- 
doubtedly this is not the case; but it does seem unlikely that the 
translational temperatures could be much higher than the rotational 
temperatures determined in this way. 

In this connection a difficulty arises since the intensity of the 

twilight emission leads one to conclude that there must be many 
more atoms at a level of 700 kilometres than would correspond 
to a temperature of 220° K. Similarly the temperatures obtained 
from ionospheric data are very much higher. It seems probable 
that the temperature 220° K. applies only to the lower parts of the 
upper atmosphere, i.e., the region between 70 and 150 km. It 
would be most desirable to determine the temperature from the 
spectra of high aurorae or of the twilight flash by the same method 
as used by Vegard and Meinel. 
C. The atmospheres of the terrestrial planets.—I\t has been known for 
a long time that the planets Venus and Mars have atmospheres. 
Visual obsérvations of Venus indicate a very high albedo such as 
obtained for clouds and in the case of Mars the variation of the 
polar caps with the seasons definitely indicates the presence of an 
atmosphere even though it may be rather tenuous. 

In discussing the spectra of these planets it must be remembered 
that certain gases like nitrogen and argon do not absorb in the 


‘For a more detailed discussion see A. B. Meinel, Astrophys. J., vol. 112, 
p. 120, 1950. 
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accessible region and in addition that terrestrial absorptions may 
hide planetary absorptions. No characteristic features were found 
in the spectra of Venus and Mars until 1932 when Adams and 
Dunham" observed for the first time the near infra-red spectrum 
of Venus. They found three characteristic absorption bands be- 
tween 7000 and 9000A. Figure 5 (pl. IV) shows a reproduction of 
a spectrum of Venus taken by Adams and Dunham exhibiting two 
of the absorption bands. Notice the very simple structure of these 
bands which is characteristic of either a diatomic or a linear poly- 
atomic molecule. From the spacing of the lines in these bands it 
was soon concluded that they must be due to the CO. molecule, 
representing overtone and combination bands of its rotation- 
vibration spectrum. This interpretation was confirmed by labora- 
tory investigations which will be discussed presently. On the basis 
of this interpretation it is to be expected that much stronger CO» 
bands occur farther in the infra-red. Indeed, when Kuiper studied 
for the first time the spectrum of Venus between 2.5 and 0.8u he 
found a large number of strong absorption bands. Figure 6 shows 
one of the Venus spectra obtained by Kuiper. Some of the ab- 
sorption bands in this spectrogram are due to water vapour or 
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Fic. 6.—Infra-red spectrum of Venus (after Kuipers). The absorption 
minima marked by heavy dots are due to COs bands; the minimum marked by 
a circled dot is probably due to C!8QO.s. The broken line at the bottom corre- 
sponds to zero intensity. 


MW. S. Adams and Th. Dunham, Astron. Soc. Pac., vol. 44, p. 243, 1932. 
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O, in the earth’s atmosphere; but all of the others (marked by 
heavy dots) are due to COz, (see figure 9). The weak band at 1.474 
adjacent to the strong band at 1.43 is very probably due to the 
isotope 

It seems probable that in addition to the large amounts of CO» 
there are also small amounts of CO present in the atmosphere of 
Venus but a special search made for some of the overtone bands of 
CO has not resulted in any positive evidence. It must, however, 
be kept in mind that the sensitivity of detection is not very great, 
not as great by far as that with which Migeotte detected CO in the 
atmosphere of the earth. 

Molecular oxygen and water vapour are more difficult to detect 
in any planetary atmosphere because of the presence of these gases 
in our own atmosphere. However, when the planet is in quadrature 
and is moving toward or away from us the Doppler shift is suffi- 
ciently large that under high dispersion the terrestrial and planetary 
lines could be separated. In this way it has been established by 
Dunham" that in the atmosphere of Venus there can be not more 
than 2 per cent. of the amount of oxygen and water vapour present 
in the earth's atmosphere. 

Kuiper has recently applied his infra-red spectrometer to the 
planet Mars; two representative spectra are reproduced in figure 7, 
together with a spectrum of the moon for comparison. At about 
1.6u there is a slight depression of the spectral curve of Mars, 
compared to the moon, and this was clearly present in all spectra 
of Mars. It occurs precisely at the place of two strong CO,» bands, 
at 1.60 and 1.574. There is also evidence for other CO, bands at 
2.0u. In this way the presence of carbon dioxide in the atmosphere 
of Mars was established. The amount of carbon dioxide in Mars 
derived from the spectra is very much smaller than in Venus and 
only of the same order of magnitude as in the atmosphere of the 
earth. 

Attempts were made to detect quite a series of other gases in 
the atmosphere of Mars. Dunham" showed that oxygen and 
water vapour cannot be present to an extent greater than 0.15 per 
cent. of that on the earth. SO», which has a fairly strong ultra- 


17Th. Dunham, Jr., in Kuiper’s ‘‘The Atmospheres of the Earth and Planets,” 
p. 286, 1949. 


The Atmospheres of the Planets 111 


(a) 


=Wers, 08-2 Sy, Oct 


(b) 


206 2.01196 1.60157 147139 127 413 
COz Or 4,0 


= 
Mors, Oct.7, 1947= — 


(c) 


— + 7 = 
= = = 
4 4 = 
1.605 1.575 
CO, 


Fic. 7—Infra-red spectra of Mars (after Kuiper's). (a) Spectrum of the 
moon for comparison ; (b) spectrum of Mars, same dispersion as ta) 
(c) spectrum of Mars in region of CO: bands with twice the dispersion. Note 
that the vertical arcs in (a) and (b) do not appear at corresponding positions 
in the spectrum. 
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violet absorption, was shown by Kuiper'® to be absent with a de- 
tection limit of 0.03 mm. atm. Similar remarks apply to ozone. 
No evidence was obtained for N2O, CHy, C2H; and NH; in the 
infra-red spectra. Again it must be remembered that nitrogen, 
hydrogen and argon would escape observation even if they were 
present in large quantities. 

At first sight the detection of carbon dioxide in the atmosphere 
of Mars may lead one to believe that the idea put forward many 
times in the past that the polar caps of Mars are due to solid carbon 
dioxide is correct. However, in the laboratory, the spectrum of 
light reflected from solid carbon dioxide shows only faint indications 
of COs absorption bands in the region investigated (below 2.0u) 
whereas the spectrum reflected from ordinary snow shows a very 
strong absorption starting at 1.5u and leading to an abrupt termin- 
ation of the reflection spectrum at this wave-length. The infra-red 
spectrum of the polar caps of Mars obtained by Kuiper'® does 
terminate at 1.5 and therefore suggests very strongly that they 
consist of H.O snow rather than solid COs. This result is also in 
better agreement with reasonable temperatures obtained by bolo- 
metric means. In view of the variation of the polar caps with the 
Martian seasons it follows indirectly that water vapour must be 
present although the amount, as mentioned before, must be very 
small. 

Up to now no evidence for an atmosphere on Mercury or on 
the moon has been found. In the case of the moon the occultation 
of stars indicates that the density of the atmosphere must be less 
than 107° of that of the atmosphere of the earth. The lack of 
polarization of the light from the shadows near the terminator 
indicates that the density must be less than 107° atmospheres.'* 
Considering that the heavier gases are more likely to be held back 
by the moon than the lighter ones Kuiper! has recently tested for 
SO.z; but this test came out to be entirely negative and if SOs is 
present it must be there to an extent of less than 0.003 mm. atm. 
On the other hand, it seems rather probable that there must be at 
least a very tenuous atmosphere on the moon on account of the 


18G. P. Kuiper, ““The Atmospheres of the Earth and Planets,” p. 304, 1949. 
19. G. Fessenkoff, Astron. J. Soviet Un., vol. 20, pt. 2, p. 1, 1943; O. Struve, 
Astrophys. J., vol. 100, p. 104, 1944. 
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Fic. 5.—Part of the photographic infra-red spectrum of Venus showing two CO: bands 
(after Adams and Dunham"). The top strip gives the solar spectum for comparison; the 
bottom strip was obtained from the original spectrum, reproduced in the middle strip, by 
moving the plate in the copying process. 

Fic. 8.—Parts of the photographic infra-red absorption spectrum of CO: obtained in 
the laboratory with a path of 2200 m. at a pressure of 1 atm. (after Herzberg*!). The band 
7883A. is overlapped by an H:2O band; this accounts for the irregularly spaced lines. 

'Fic. 10.—Pressure broadening in the CO: band at 8689A. The three spectra were all 
taken with the same path length of 2200 m. 

Fic. 12.—Fine structure of the CH, absorption band at 1.1354. The letters R, 0, P 
indicate the regions of the corresponding branches. 

Fic. 14.—Three lines of the 3-0 quadrupole rotation-vibration band of the Hz molecule 
(after Herzberg®). Top: spectrum a moist air for comparison; bottom: spectrum of moist 
hydrogen with an absorbing path of 5000 m. at a pressure of 9 atm. 
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PLATE III 
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Fic. 1.—Near infra-red spectrum of the night sky (after Meinel’). Two identical 
spectra. In the top one the fine structure of one of the bands is indicated by leading lines; 
in the bottom one the Q branches of each of the Meinel bands are marked andthe vibratiqnal 
numbering given. Note the 0-1 band of the atmospheric oxygen system (the 0-0 band is 
absent on account of absorption in the lower at mosphere). 


Fic. 4.—Fine structure of the N% band 4278.1A. at — 180°C., 20°C., and 400°C., 
illustrating temperature determination from band spectra. The band consists of two 
branches, P and R, on opposite sides of the band origin vo. The P branch forms the head of 
the band and is not completely resolved. The R branch consists of a series of lines whose 
separation increases to shorter wave-lengths. 


Fic. 13.—Spectra of Uranus showing unidentified features (after Kuiper®®). (a) Spectrum 
of Venus for comparison; (b), (c), (d) spectra of Uranus of different density. 

Fic. 11.—Spectra of Saturn, Titan, Uranus and Neptune, and laboratory absorption 
spectra of methane in the region 5500 to 8800A. (after Kuiper™). 


Journal of the Royal Astronomical Society of Canada, 1951 
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gases released when meteorites strike its surface. The density of 
this atmosphere may be expected to be of the same order as that 
in the head of a comet, which is usually considered to be due to the 
emanations from the meteorites forming the nucleus. Just as in a 
comet, solar radiation will produce fluorescence of this atmos- 
phere and this fluorescence should be observable. However, even 
if the fluorescence were as strong as it is for a bright comet it is 
unlikely that it would have been observed so far because of the 
bright light from the moon. Some time ago I suggested the use 
of a coronagraph for detecting the fluorescence of the lunar atmos- 
phere,”° but such observations have not yet been carried out. 

Both for the purpose of estimating more accurately the amounts 
of CO, in the atmospheres of Venus and Mars and in order to 
obtain information about the physical conditions in these atmos- 
pheres it is necessary to study the absorption of CO; in the labora- 
tory with long absorbing paths. Immediately after the discovery 
of the CO, bands in the atmosphere of Venus Dunham" studied in 
the laboratory the absorption spectrum of CO, at high pressure (up 
to 10 atm.) with an absorbing path of 43 metres. In this way he 
obtained a diffuse band at 7820A., i.e. at the place of one of the 
Venus bands. On account of the broadening of the lines at high 
pressure it is clearly not possible to obtain an accurate estimate 
of the amount of CO,. It was for this reason that I set up at 
Yerkes Observatory a large absorption tube in which it was possible 
to obtain absorbing paths up to 5000 metres. It was hoped that 
in this way it would be possible to observe the Venus bands 
under a pressure comparable to that in the Venus atmosphere. 

The optical arrangement used has been described previously. 
With this method I have photographed the spectrum of CO, at 
different pressures and path lengths under high resolution. Figure 8 
(pl. IV) shows parts of the laboratory spectrum of CO: near 8000A. 
obtained with an absorbing path of 2200 m. at a pressure of 1 atm. 
The three CO, bands in this spectrum are those first observed in 
the spectrum of Venus by Adams and Dunham. The two bands 
in the spectrum of Venus reproduced in figure 5 are of about the 


20G, Herzberg, Pop. Astron., vol. 54, p. 414, 1946. 


1G, Herzberg in Kuiper’s “‘The Atmospheres of the Earth and Planets,” 
p. 346, 1949. 
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same intensity as those in the laboratory spectrum, figure 8b. The 
fine structure is developed in about the same way. At longer 
wave-lengths additional photographic infra-red bands have been 
found both in the laboratory” and in the spectrum of Venus.” Still 
farther in the infra-red the spectrum of CO: has been investigated 
with the aid of Dr. Kuiper’s infra-red spectrometer and a large 
number of absorption bands have been found. Figure 9 shows two 
recordings, one with 88 m. path and the other with 1400 m. path. 
Comparing these with Kuiper’s infra-red spectrum of Venus, 
figure 6, it is seen that all absorption bands in Venus are accounted 
for. 

The original object of the research, namely to obtain a more 
precisé figure for the amount of carbon dioxide in the atmosphere 
of Venus, has not yet been accomplished. Different amounts are 
obtained depending on the particular bands used for comparison. 
The weaker the bands the greater is the amount of carbon dioxide 
estimated. For example, the strong bands near 1.6 in the Venus 
spectrum of figure 6, are roughly matched by the corresponding 
laboratory bands in figure 9a obtained with a path of 88 m. atm. 
while the weak bands at 1.05 appear stronger in Venus than in 
the laboratory spectrum obtained with 1400 m. atm. (figure 9b). 
The reason for this inconsistency appears to be the re-emission of 
light in the stronger absorption bands, the effect of scattering in 
the atmosphere which is different for different bands,* and the 
effect of pressure broadening which also affects the apparent intensi- 
ties of the bands. Quite recently Kuiper* has found very considera- 
ble and rather rapid changes in the intensities of the CO. bands in 
Venus corresponding to changes of the absorbing path lengths by 
almost a factor of 10 and apparently due to rapid changes in the 
height of the cloud layer in the Venus atmosphere. 

The laboratory CO, bands reproduced in figure 8 show clearly 
the usual regular distribution of intensity particularly in the P 
branch. A very similar intensity distribution is shown by the 
Venus bands in figure 5 and indicates that the temperature in 


2G. Herzberg, unpublished, see Astron. J., vol. 52, p. 147, 1947. 

Compare H. C. van de Hulst in Kuiper’s “‘The Atmospheres of the Earth 
and Planets,” p. 49, 1949. 

*%4G. P. Kuiper, Reports on Progress in Physics, vol. 13, p. 247, 1950. 
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those parts of the Venus atmosphere in which the absorption takes 
place is of the order of 300° + 50° K.% If a more accurate photo- 
metric comparison were carried out it would be possible to de- 
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Fic. 9.—Infra-red absorption spectrum of CQO. obtained in the laboratory 
with a path of (a) 88 m, (b) 1408 m. at a pressure of 1 atm. (after Kuiper 
and Herzberg'*). These spectra were obtained with the same spectrometer as 
figure 6 but with a different recorder giving curved rather than straight 
ordinates, and a narrower slit width giving higher resolution. Most of the CO. 
bands show two minima corresponding to P and R branches. 


termine this temperature with much greater precision; but this 
has not yet been done. a 

As mentioned before, the CO, bands become more and more 
diffuse with increasing pressure. As an illustration figure 10 (pl. IV) 
shows the 8690A. band of CO, obtained at three different pressures, 


%A. Adel, Astrophys. J., vol. 86, p. 337, 1937. 
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14 atm., | atm., and 10 atm. Even in going from 1% to 1 atm. there 
is a distinct broadening of the lines and in going to 10 atm. the lines 
become quite broad. The three spectra shown were all taken at the 
same path length. It would have been better to have used a con- 
stant product of pressure and path length, but these spectra were 
actually taken for a different purpose. Neverthe!ess, if one compares 
them with the spectrum of Venus, figure 5, it is quite clear that 
the pressure in the Venus atmosphere can hardly exceed 1 atm. 
by more than a factor of 2. No specific experiments with mix- 
tures of carbon dioxide and other gases have as yet been carried out; 
but, judging from the experience with other gas mixtures not involv- 
ing CO», there can be no question that a broadening similar to that 
observed in pure CO, would also occur when CO, is mixed with 
other gases. Therefore, we must conclude that the total pressure 
in the Venus atmosphere in the layers in which absorption takes 
place cannot be greater than 2 atm. The amount of CO, found in 
the atmosphere of Venus on the basis of the known gravity on the 
surface yields a pressure of the order of 14 atm., so that it follows 
that COzis certainly one of the major constituents of the atmosphere. 

The actual surface of Venus is obscured from us by a very 
heavy cloud layer as indicated by the high albedo of this planet. 
It appears certain that these clouds do not consist of water droplets 
since the amount of water vapour in the Venus atmosphere is 
smaller than 2 per cent. of what is present on the earth. At one 
time Wildt®* suggested that these clouds are due to a solid polymer 
of formaldehyde (H2CO). But if this were correct there should 
be absorption bands of monomeric H.2CO in the ultra-violet. 
Such absorption bands are not observed.?* According to Kuiper'® 
the clouds are in all probability due to dust which is present in 
large quantities because of the lack of water. 

Just as in the case of the atmosphere of the earth the emission 
spectrum of the atmosphere of Venus, if it could be observed, 
would throw additional light on the phenomena taking place in 
this atmosphere. One should, therefore, try to observe the spec- 
trum of the dark side of Venus and see whether there is an analogue 
to both the night sky luminescence and to the aurorae in the earth's 


*R. Wildt, Astrophys. J., vol. 86, p. 321, 1937. 
27R, Wildt, Astrophys. J., vol. 92, p. 247, 1940; vol. 96, p. 312, 1942. 
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atmosphere. However, for any such investigation it would be 
necessary to use a coronagraph in which the occulting disk has 
the shape of the image of the bright part of Venus. 


D. The atmospheres of the major planets —I\t has been known for a 
long time that the spectra of the major planets exhibit a large 
number of characteristic absorption bands in the near infra-red, 
the red and even, in the case of Uranus and Neptune, in the green 
part of the spectrum. Most of these absorption bands were first 
identified by Wildt®® as being due to methane and ammonia. 
Figure 11 (pl. 111) shows spectra of Saturn, Uranusand Neptune and, 
for comparison, laboratory spectra of methane of similar dispersion 
obtained by Kuiper and Phillips with the large absorption tube at 
Yerkes Observatory. It is seen that the strong absorption bands 
of methane correspond exactly with the strong absorption bands in 
the planetary atmospheres (except of course the oxygen absorption 
due to the earth’s atmosphere and various solar Fraunhofer lines). 
Even in the case of the weaker bands there is an exact correspond- 
ence. But it appears that the weaker bands are relatively stronger 
in the planetary spectra than in the laboratory spectra. This is 
obviously due to the different depth of penetration of sunlight for 
weak and strong absorption bands. In addition the effect of re- 
emission and scattering mentioned previously in the case of Venus 
must be considered. Using the weak bands for comparison it 
appears that there are about 500 m. atm. of methane in the atmos- 
pheres of Jupiter and Saturn and about 10 m. atm. of ammonia in 
Jupiter. The amounts of methane in Uranus and Neptune are 
much larger and may be of the order of 4000 m. atm. However, 
these are only very rough estimates. 

Kuiper®® made the important observation that the spectrum of 
one of Saturn’s satellites, Titan, shows the main methane bands. 
This spectrum is included in figure 11. The methane bands 
are clearly visible. Titan is the only satellite in the solar 
system for which an atmosphere has been established in this way. 
On the other hand, the outermost planet, Pluto, whose spectrum 

28R. Wildt, Naturwiss., vol. 20, p. 851, 1932. 

2G. P. Kuiper, Astrophys. J., vol. 100, p. 378, 1944. 
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was also investizated by Kuiper,?® does not show any evidence of 
absorption bands, that is, no evidence of an atmosphere. 

Figure 12 (pl. IV) shows a photographic infra-red absorption 
band of methane obtained in the laboratory under high resolution. 
In spite of the symmetry of the molecule the absorption band 
shows a very complicated fine structure. Therefore it will not be 
as easy as in the case of the CO, bands of Venus to determine the 
temperatures of the atmospheres of the major planets from the 
planetary spectra even if these were obtained with sufficient dis- 
persion, which is not yet the case. No fine structure analysis of 
the methane absorption bands here under consideration has yet been 
made from laboratory data. Therefore the only way to decide which 
individual fine structure lines correspond to high rotational levels 
and which correspond to low rotational levels is to study the 
absorption spectrum of methane in the laboratory at very low 
temperature. Such an investigation is in preparation at Ottawa. 
Once this has been carried out and high dispersion spectra of the 
outer planets have been obtained, fairly reliable temperatures of the 
atmospheres of these planets should be obtainable. 

Kuiper®® recently has obtained the spectra of Uranus and Nep- 
tune under somewhat higher dispersion and has established a number 
of features which are not present in the spectra of Jupiter and Saturn 
and which apparently cannot be identified with any absorption 
bands of methane or ammonia observed in the laboratory. In 
figure 13 (pl. III) Kuiper’s spectra of Uranus are reproduced. The 
additional features are one diffuse band at 8270A. and a series of 
five almost equidistant diffuse lines near 7500A. 

In view of the large amount of methane and ammonia in the 
atmospheres of the major planets it appears probable and may be 
expected on the basis of any reasonable theory of the origin of the 
planetary atmospheres that large amounts of hydrogen are present 
in these atmospheres. But hydrogen, like nitrogen and other 
elementary molecules, does not exhibit an ordinary infra-red 
spectrum since it has no dipole moment; and all electronic transi- 
tions of H2 that can occur in absorption lie in the far ultra-violet 
which is inaccessible in astronomical spectra. However, as | 


9G. P. Kuiper, Astrophys. J., vol. 109, p. 540, 1949. 
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pointed out twelve years ago,*! if the amounts of hydrogen present 
are sufficiently large there is a possibility that they may be de- 
tected by means of the guadrupole rotation-vibration spectrum of the 
hydrogen molecule. This spectrum arises because the hydrogen 
molecule has a quadrupole moment which changes during the 
vibration of the molecule. The intensity of absorption in this 
spectrum is so small that path lengths of the order of 20 km. atm. 
are required to give a noticeable absorption. It was only two 
years ago that two bands, 2-0 and 3-0, of this spectrum were 
observed in the laboratory by means of the large absorption tube 
at Yerkes Observatory.” Figure 14 (pl. IV) shows three of the lines 
of the 3-0 band. Table I gives the wave-lengths of the observed 


TABLE I 


QUADRUPOLE ROTATION-VIBRATION LINES OF He 


| 
Designation | Nair (A.) Designation 
12379.90, |  8497.491 
} 11892.499 =| 8272. 686 
S(1) 11618.973 S(1) 8150. 680 
S(2) 11379. 22, S(2) | 8046. 438 
| 


lines of both bands. As shown by the spectrogram of figure 14, 
which was taken in the second order of a 21-foot grating, the H. 
quadrupole lines are exceedingly sharp and therefore difficult to 
detect except under very high resolution. Such high resolution 
has not yet been applied to the spectra of the major planets; and 
under lower resolution no indication of the presence of these lines 
has been found. From the present evidence one can only say that 
the amount of hydrogen present is probably 'ess than 200 km. atm. 

It is a very striking fact that the unidentified feature at 8270A. 
observed by Kuiper in the spectra of Uranus and Neptune agrees 
within the accuracy of the measurements with the line designated 


3G. Herzberg, Astrophys. J., vol. 87, p. 428, 1938. 
®G. Herzberg, Nature, vol. 163, p. 170, 1949; Can. J. Research, vol. A28, 
p. 144, 1950. 
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S(0) o° the 3-0 H, band in Table I. At very low temperatures 
the line S(0) would be the only one of the quadrupole lines that 
could occur because then only the rotational level J = 0 would be 
present. On the other hand, the distinctly diffuse nature of the 
observed feature in Uranus and Neptune (it is about 80 cm. wide) 
excludes the possibility that it is the quadrupole line. However, 
Welsh, Crawford and Locke* have observed a pressure induced 
spectrum of molecular hydrogen which occurs at precisely the wave- 
lengths of the quadrupole spectrum. They have observed only 
the 1—0 vibrational transition of hydrogen. The absorption curve 
observed by them is shown in figure 15. The maxima corre- 
sponding to the individual rotational lines have a half-width of 
about 250 cm. More recently Crawford, Welsh, and MacDonald™ 
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Fic. 15.—The 1-0 band of the pressure induced infra-red absorption spectrum 
of molecular hydrogen (after Welsh, Crawford and Locke**). The broken-line 
curves indicate the resolution of the absorption curve into component lines. 


3H. L. Welsh, M. F. Crawford, and J. L. Locke, Physic. Rev., vol. 76, p. 580, 
1949. 


4M. F. Crawford, H. L. Welsh, and J. C. F. MacDonald, Physic. Rev., vol. 80, 
p. 469, 1950. 
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have established that the line width decreases considerably at lower 
temperatures. It therefore appears most probable that the un- 
identified feature at 8270A. in the spectrum of Uranus and Neptune 
is due to the S(0) line of the 3-0 band of the pressure induced 
rotation-vibration spectrum of hydrogen. The only other line of 
this band to be expected at very low temperatures is Q (0) at 
8485A.; but it is hidden by a strong CH, band. 

Experiments are in preparation at Ottawa to observe these lines 
at liquid air temperature in hydrogen of high pressure with a long 
absorbing path. Crawford and Welsh have observed their spectrum 
at pressures as low as 10 atm. Although the intensity decreases 
with the square of the pressure it appears very probable that at a 
pressure of 2 atm. and a path length of 100 km. atm. the 3-0 band 
of the pressure induced spectrum will be observable. If this 
interpretation of the 8270A. feature turns out to be correct it would 
enable one not only to obtain an estimate of the pressure and the 
amount of molecular hydrogen in the atmospheres of the major 
planets but also to determine the temperature from the width of 
this absorption feature. 

The fact that the 8270A. feature has not been observed in 
Jupiter and Saturn does not necessarily mean that there is less 
molecular hydrogen in these atmospheres but may be due to the 
much greater width of this feature at the higher temperatures 
prevalent on these planets. 

If the abundance ratio of deuterium and hydrogen in the atmos- 
pheres of the major planets is of the same order as on the earth or 
greater and if the amounts of molecular hydrogen are as great as 
previously suggested it may be possible to detect deuterium by 
means of the ordinary infra-red spectrum of the HD molecule.* 
Recently this spectrum has been observed in the laboratory.* 
Table II gives the observed lines. Two of the unidentified features 
observed in the spectrum of Uranus and Neptune, at 7471 and 
7524A., do actually coincide with the HD lines P(1) and P(2) of 
the 4-0 band while the corresponding R lines are overlapped by a 
strong CH, band. However, since the remaining features found by 
Kuiper, at 7500 and 7546A., do not fit in, this agreement is probably 
fortuitous. 
8G, Herzberg, Nature, vol. 166, p. 563, 1950. 
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According to the radiation laws the temperature T of an object 
at a distance r from the sun is T = k/\/r where & is a constant. 
Determining k from the known mean temperature of the surface 
of the earth one obtains a temperature of —200° and — 220° C. for 
the surface temperatures of Uranus and Neptune respectively. 
At these low temperatures the vapour pressure of methane would 
be far too low to yield the large amounts of methane indicated by 
the spectra of these planets. Either the methane is liquid or solid 
and the absorption bands that we observe belong to the liquid or 


TABLE II 


ROTATION-VIBRATION LINES oF HD 


Designation Nair (A.) Designation Nair (A.) 
P(3) 9929 .391 P(2) 7525 .770 
P(2) 9821 . 967 P(1) 7467 . 490 
P(1) 9726. 456 +-0 R(O) 7377 .428 

3-0 < RO) 9570 .843 R(1) 7345 .652 
9510. 792 R(2) 7322 .760 
R(2) 9462 .576 R(3) 7308 . 764 
R(3) 9426 .249 


solid, or the temperature must be appreciably higher than would 
follow from an application of the radiation laws. A decision will 
be possible as soon as high dispersion spectra of Uranus become 
available. 

Figure 11 shows the spectrum of the rings of Saturn in addition 
to that of the disk. As was to be expected the spectrum of the 
rings does not show any evidence of the methane bands. Similarly 
one would have expected that in the infra-red the spectrum of the 
rings would be neutral. However, Kuiper observed with his 
infra-red spectrometer a sharp drop of intensity at 1.5yu just as for 
the polar caps of Mars. This observation indicates rather definitely 
that the particles making up Saturn's rings must either be covered 
with ice or consist of ice or, to put it more conservatively, they 
must be covered by a substance producing a cut-off at 1.5 similar 
to that of ice. 
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E. Conclusion.—As a summary of the investigations of the chemical ” iy 
constitution of planetary atmospheres we list in Tabie III the ea 
abundances or limits to the abundances of the various gases accord- ; 
ing to Kuiper. In addition, as we have seen, a good deal of informa- vi 
tion about the physical conditions in the atmospheres of the planets 
has been obtained. Further progress in this field depends on the 
possibility of obtaining planetary spectra of higher dispersion and 


TABLE III 


COMPOSITIONS OF PLANETARY ATMOSPHERES AFTER KutPer (Amounts in cm. atm.) 


| | 
| Na | Os | co | H:0 | Co: | SO: | Os |NHs| CHe | CoH, 
Earth* |625000/168000 (1000) 220] 0.8 | | 0.3 | 1.7) 
Mercury | <30 | 
Venus | | <500} <100| <10 |100000| <100 <4 <3 | <1 
| <250 <5 440| <200} <0.003 |<0.05 | <2 <2] <1 
Jupiter | 700 15000 a 
Saturn <0.01 <0.1 200 35000 os 
Uranus | | <0.01 <0.1 150000 
Neptune | 250000 
Moon | <0.0003) <0.005 
Titan | <300} 20000 


“The abundances of the inert gases are A 7440, Ne 14, He 4.2, Kr 0.8 and Xe 0.06. 


on the results of laboratory work of the type indicated in the pre- al 
ceding discussion. In particular, spectra of higher dispersion 
would make it possible to ascertain the presence and determine 


the abundance of rare isotopes. These abundances would be of - 

interest in connection with various theories of the origin of the 

planetary atmospheres. It may be recalled that in certain stars ii 


the carbon isotope C™ has an unusually high abundance and it 
would be interesting to ascertain whether or not such deviations 
from the terrestrial abundance occur also within the planetary 
system. 


The author is greatly indebted to Drs. W.S. Adams, A. B. Meinel se. 
and G. P. Kuiper for supplying prints of their spectrograms and for Ea4F 
permission to reproduce them here. 
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A LONDON AMATEUR TELESCOPE MAKER 


In a recent issue of the Evening Free Press of London, Ont., 
appeared an interesting account of the making of a 6-inch mirror 
for a reflecting telescope by Gordon Graham, a 19-year-old high 
school student of that city. In 1947 Gordon joined the R.A.S.C.; 
and, being encouraged by Rev. W. G. Colgrove, he began the project. 
Before this, Mr. Colgrove had obtained from war surplus stores a 
12-inch disk of glass, three-quarters of an inch thick, intended fora 
ship’s cabin, and had had it cut into two parts. With one of these 
Gordon entéred on a task which required all his patience and deter- 
mination. He estimates that he gave 200 hours of his time and 
stroked the glass more than six million times before it was as 
nearly perfect as he could make it. He carried on his operations 
in his basement laboratory with improvised tools. 

Having completed the mirror, Gordon is now constructing the 
mounting, and the instrument will truly be his own. With it he 
will scan the skies over London and increase his knowledge of the 
universe. He is aware that with simple instruments like this new 
comets have been discovered, and we hope that with this port-hole 
to the skies he may be similarly successful. At any rate he will have 
the satisfaction of overcoming many difficulties and adding to his 
knowledge. Good luck, Gordon! 


Lonc-Focus PHOTOGRAPHIC ASTROMETRY 


A series of four articles by Peter van de Kamp, entitled “Long- 
focus Photographic Astrometry”, has recently been printed in Popular 
Astronomy. The use of long-focus instruments gives a large scale 
image of the field at the focal plane, and leads to more accurate 
determinations of star positions. The following topics are covered: 
(1) Observing technique. Telescope, measuring machine. (2) Re- 
solved astrometric binaries. Orbital analysis. (3) Reduction of photo- 
graphic plates. Dependencies. Long-range investigations. (4) Parallax 
and proper motion. (5) Parallax, orbital motion and proper motion ; 
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mass-ratio. (6) Unresolved astrometric binaries. (7) Secular per- 
spective acceleration. Spectroscopic and eclipsing binaries. 

Reprints of these articles may be obtained from Dr. van de Kamp, 
Sproul Observatory, Swarthmore College, Swarthmore, Pennsylvania. 


CAG. 
PosTPONEMENT OF I.A.U. GENERAL ASSEMBLY 


The general assembly of the International Astronomical Union 
which was to be held in Leningrad, U.S.S.R., in August has been can- 
celled by the executive committee because of the uncertain political 
conditions existing at present. The I.A.U. does much of its work 
with standing committees; this work will continue without inter- 
ruption. 

The last meeting of the I.A.U. was also postponed because of the 
international situation. It was to have been held in 1941, but because 
of the war it was not held until 1948. International co-operation is 
essential for the progress of astronomy. Observatories must be widely 
scattered over the world so that the whole sky can be kept under 
observation. The meetings of the I.A.U. provide opportunities for 
astronomers from all over the world to discuss the achievements since 
the last meeting and to plan programmes for the future. 

Dr. B. Stroemgren, secretary general of the union, reports that 
the executive committee has not yet decided the time for the next 
general assembly. 


FRANK S. Hocc MemorIAL SCHOLARSHIP FUND 


The setting up of a fund at the University of Toronto for the 
purpose of instituting a scholarship in astronomy in honour of the 
late Dr. Frank S. Hogg was announced in the January-February 
number of the present volume of the JourNaAL. Donations to this 
fund have been received from a number of the Centres and from 
private individuals in all parts of Canada and in the United States in 
amounts ranging from a few dollars to five hundred dollars. The total 
received up to the present time is $5308.00, and promises have been 
received for about $700.00 more. The generous response of so many 
people is much appreciated by the Scholarship Committee. Further 
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donations will still be received gladly. They may be sent to the Secre- 
tary, R.A.S.C., 3 Willcocks St., Toronto, or to any other member 
of the Scholarship Committee as previously announced. Cheques 
should be made payable to the University of Toronto. 


J. F.H. 


Honours To Dr. BEALS AND Dr. HERZBERG 


Dr. C. S. Beals, Dominion Astronomer, Ottawa, and Dr. Gerhard 
Herzberg, Director, Division of Physics, National Research Council, 
Ottawa, have been elected Fellows of the Royal Society of London. 


DeatH OF Dr. DANIEL BUCHANAN 


Dr. Daniel Buchanan, professor emeritus and dean emeritus of the 
University of British Columbia, died in Vancouver on Dec. 1, 1950, 
aged seventy. He was Honorary President for many years of the 
Victoria Centre of the Royal Astronomical Society of Canada, and 
later Honorary President of the Vancouver Centre. He was a 
specialist in mathematical astronomy and celestial mechanics, having 
received his Ph.D. at the University of Chicago in 1911, where he 
worked under Dr. F. R. Moulton. 


DeaTtH OF Dr. L. J. Comrie 


Dr. L. J. Comrie, an outstanding pioneer in the application of 
business machines to astronomical computations, died Dec. 11, 1950, 
at his home in London, England, aged fifty-seven. He had published 
numerous mathematical tables, and was at one time superintendent of 
H. M. Nautical Almanac Office. 


DeatuH oF Dr. J. S. PARASKEVOPOULOS 


Dr. J. S. Paraskevopoulos, superintendent of the South African 
station of the Harvard Observatory at Bloemfontein, died on March 
15, 1951, at the age of sixty-one. Under his supervision more than 
100,000 plates have been added to the Harvard collection. 


H. S. H. 
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OUT OF OLD BOOKS 


By HELEN SAWYER HoGG 


Le GENTIL AND THE TRANSITS OF VENUS, 1761 AND 1769 
(With Plate V) 


(Continued from March-April JouRNAL) 


The brief accounts of Le Gentil’s trip in nineteenth century litera- 
ture agree in a misstatement, namely that Le Gentil stayed eight years 
at Pondicherry. This error has been perpetuated in the works of 
Camille Flammarion, Richard Proctor and Sir David Gill, and we can 
only hope that by reprinting here the direct translation of Le Gentil’s 
own statements we may correct this false notion permanently. It was 
not until March 27, 1768, that Le Gentil arrived at Pondicherry for the 
first time, after seven years spent at the Isle de France and on trips 
to the surrounding islands and to the Philippines, from which he sailed 
to Pondicherry. 


On the 27th, at five-thirty in the morning, we sighted Pondicherry: we 
crowded sail toward it and at six-thirty we anchored a half league from 

When we were anchored, a little boat was sent to us from land, in which 
I embarked with all my possessions and astronomical instruments of which you 
know. It was therefore on March 27th [1768] at nine o’clock in the morning 
that I saw myself on the land which fate had marked for me. My first step 
was to present myself to the governor. ... M. Law therefore gave at once the 
order to disembark my possessions and to be careful of them; he had me get 
into his open carriage with him and took me to his country house where I 
found a large and pleasant company, good music, and an excellent dinner. I 
spent the day in enjoying myself and at eleven o’clock in the evening I returned 
to Pondicherry with the governor. The next day he told me to go to look for 
a site to build an observatory for myself: he himself went with the chief 
engineer to reconnoitre the spot which I had pointed out, and ordered that 
masons be sent there at once. 

Such is, dear friends, the fate which awaited me at Pondicherry and which 
I owe to M. Law, goverhor general for the King of all the French establishments 
in India. Under his auspices I enjoyed at Pondicherry that sweet peace which 
is the support of the muses; I occupied myself in the midst of this peace in 
devoting happy moments to Uranus; with my soul content and satisfied I await 
with tranquillity until the approaching ecliptic conjunction of Venus with the 
sun comes to terminate my academic courses. 


In Volume II Le Gentil gives a description of his observatory. Plate 
V is a reproduction of the original drawing of the observatory (HI). 
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As we read his description we wonder if he is the only astronomer 
who ever pursued his labours tranquilly above sixty thousand weight 
of powder! 


On the ruins of the citadel were seen the remains of the magnificent palace 
built by the late M. Dupleix; there were two great pavilions partly upset or 
destroyed, which had been built on strong walls twelve to fifteen feet high and 
on a vault six to seven feet thick. All this excellent masonry of brick, of lime- 
stone, and of sand, had resisted the effects of the gunpowder and was quite 
whole and quite solid; but the pavilions were partly fallen. I went to visit the 
remains of these pavilions; I looked at the most easterly, that which appeared 
to me in best condition, the most suitable to my plan, and which at the same 
time demanded the least in the way of expense to make a comfortable observa- 
tory of it; besides, under the vault which sustained the remains of the other 
pavilions was one of the powder magazines; it is true however, that the base- 
ment of my Observatory served also, in the end, for over six weeks as a magazine 
for more than sixty thousand weight of powder. In spite of that, since M. Law 
had given me the liberty of inhabiting my observatory, this circumstance did 
not interrupt the course of my observation. 

I gave an account of my examination to M. Law: he took the trouble of 
going to that place some days afterward accompanied by the chief engineer ; 
he gave the necessary orders, and they began on April 18th to build the observa- 
tory on the plan I had asked for. But the great rains held up the work for 
several days: it was not finished until May 24th. June 11th the doors and 
windows were finished and put in place, and I went to take possession of the 
observatory; I had my instruments and my belongings transported there; it 
was my dwelling and my retreat during my stay at Pondicherry; I was more 
in touch with my work there. 

As soon as I was in possession of a proper place for observing I worked at 
cleaning my quadrant and my clocks; and July 14th I was in a position to take 
the corresponding heights of the sun. My first care was to fix in a more precise 
manner than had ever been done previously the latitude and longitude of 
Pondicherry. 

Another type of work appeared very interesting to me: I had begun it at 
the Isle de France, I finished it at Pondicherry in 1768; it is an account of the 
monsoons, and an examination of the different routes which are to be followed 
when going from the Isle de France to India. 


During his two years at Pondicherry Le Gentil made a study of 
various aspects of Indian astronomy, and recounts in detail the native 
myths concerning eclipses and the behaviour of the people during 
them. The Brahmin method of calculating eclipses particularly in- 
trigued him. 
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I amused myself also during my stay at Pondicherry in making some 
acquaintance with the astronomy, the religion, the habits, and the customs of 
the Indian Tamoults whom very improperly we call Malabars. 

What | had heard of their astronomy had piqued my curiosity; but what 
finally sharpened it was the ease with which I saw calculated before me, by 
one ot these Indians, an eclipse of the moon which | proposed to him, the first 
which occurred to me. This eclipse, with all the preliminary elements, took him 
only three quarters of an hour of work. I asked him to put me in a position 
to do likewise, and to give me every day an hour of his time. He consented 
to it; and when I asked him in how much time I could hope to be in a position 
to calculate an eclipse of the moon according to his method, he answered me, 
with an air rather indicative of conceit, that with ability I would be able to do 
as much as he at the end of six weeks. 

This answer did not rebuff me, it only made me still more curious. I 
bound myself to take for about an hour every day my lesson in Indian astronomy. 
Whether it was the fault of my master or whether it was mine, or whether 
it was that of the interpreters (I changed them three times), I needed more 
than a month of work at an hour per day to be able to calculate an eclipse of 
the moon, although the method has appeared to me since then very simple and 
very easy. The eclipses of the sun gave me much more trouble, because the 
calculation is much more complicated. 


As to the exactness of this method, the agreement with observation has 
appeared to me quite singular in lunar eclipses; the error in several which I 
have calculated amounts to no more than 25 minutes of time. 

... The Brahmins know nothing about comets: the Indians believe that they 
are a sort of sign of the wrath of the sky. They were quite astonished to see 
me spend part of the nights in observing the comet which appeared in 1769; 
they asked me many questions about the cause of this phenomenon. What 
finally surprised them was to see that comet again in the evening at the end 
of the months of October and in the first days of November, just as I had pre- 
dicted to them as well as to all Pondicherry. 

Although the Brahmins do not observe, they are able to trace the meridian 
line by the gnomon method; they use it every time that they build a pagoda, 
because their religion teaches that temples are to be oriented according to the 
four cardinal points; so that the four faces of the pyramids which serve as 
entrance and as portal to their pagodas, are exactly north and south, east and 
west. 


Le Gentil finally received, a month before the transit, the letter 
from the King of Spain which he had requested for the governor of 
the Philippines. We reprint this letter just as it is given, as an im- 
pressive example of the high regard in which astronomers and their 
enterprises were held in court circles two centuries ago. 


LS 
, 
PA 
we 
‘ = 


130 Out of Old Books 


In the month of May 1769 I received from the Court of Spain the letter of 
recommendation which had been promised to me in 1767 for the Governor of 
Manila. This letter had gone around the world except for about five hours or 
75 degrees of longitude. It had indeed left Cadiz, had gone to Mexico, from 
Mexico to Acapulco, from Acapulco to Manila by galleon, from Manila to 
Canton, from Canton to Pondicherry. . . . Here is the letter addressed to the 
governor. 

“De par le roi. Au gouverneur & capitaine générale des isles Philippines, 
& président de l’audience royale de la ville de Manille: Le roi se trouve 
informé que sur le vaisseau de guerre /Je Bon Conseil, qui est sorti de Cadix en 
droiture pour ces isles (Philippines) en mars de l’année passée, s’est embarqué 
M. Gentil, membre de l’académie royale des sciences de Paris, a l’effet d’observer 
le passage de Vénus sur le disque de soleil, phénoméne trés-rare & qui importe 
beaucoup 4 la perfection de l’astronomie, & qu’il désire rester dans ce continent 
jusqu’en juin 1769, que doit se répéter le méme passage de Vénus. Sa Majesté 
veut que ce particulier soit traité par V.S. & tous les autres officiers de ces isles, 
avec la distinction qu'il mérite, & qui convient a l'harmonie qui régne entre les 
deux couronnes, & que pour les observations qu’il voudra faire, on lui facilite 
tous les secours nécessaires pendant le tems qu'il restera dans ces isles. A cette 
fin, V.S. fera tout ce qui sera convenable; & de son coté, elle aura grande 
attention que la volonté de S.M. s’accomplisse. 

Que Dieu garde V.S. beaucoup d’années! A Saint Ildephonse, le 2 aott 1766. 

Signé, Don Julien de Arriaga.” 


Le Gentil gives a lengthy discription of the sky conditions at 
Pondicherry, especially of the time around the transit of June 3rd. 
The egress of this transit was all that was scheduled to be seen from 
Pondicherry, early on the morning of the 4th. Those astronomers, 
professional or amateur, who have spent months of work in prepara- 
tion for some sky event, always with worry as to the arrival of clouds 
at the critical moment, can appreciate the description Le Gentil 
gives of the critical time of June 3-4. 


The nights at Pondicherry are of the greatest beauty in January and in 
February; you cannot have any idea of the beautiful sky which these nights 
offer until you have seen them. I had nowhere seen Jupiter so well with my 
telescope of fifteen feet [focal length] as I did there; the stars had no twink- 
ling: I have very often left my telescope exposed to the night air for several 
hours in a vertical position without the objective receiving the slightest 
dampness. The month of March is not so fine, in April the weather begins to 
grow dull; but June, July, August and September are not very suitable to 
astronomical observations; in these months you have scarcely anything except 
fine mornings. In October, November, and December you have the rainy 
season and the winter. 
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I was prepared for the transit of Venus on June 3, 1769. The English at 
Madras had sent me an excellent achromatic telescope three feet long and I 
was awaiting the moment of the observation with the greatest impatience. 

During the whole month of May, until the third of June, the mornings were 
very beautiful; the weather was still of this same fineness the day before. At 
nine o'clock in the evening I observed with M. Law who was using the 
achromatic telescope, the emersion of the first satellite of Jupiter which we saw 
very well. ... 

Sunday the fourth, having awakened at two o'clock in the morning, I heard 
the sand-bar moaning in the south-east; which made me believe that the breeze 
was still from this direction, or at least that it would blow from there in the 
morning. I regarded this as a good omen, because I knew that the wind from: 
the south-east is the broom of the coast and that it always brings seremity; but 
curiosity having led me to get up a moment afterwards, I saw with the greatest 
astonishment that the sky was covered everywhere, especially in the north and! 
north-east, where it was brightening; besides there was a profound calm. From 
that moment on I felt doomed, I threw myself on my bed, without being able 
to close my eyes. I no longer heard the bar in the south-east, but in the north- 
east: it was another very bad omen for me. Indeed, when I got up a second 
time I saw the same weather still, the north-east was even more overcast, 

At five o’clock the wind blew ever so little from the south-west: which gave 
me again a gleam of hope, all the more because the part of the sky from the 
south to the east was a little clear; I believed therefore that the breeze might 
turn in this direction, and that it might clear the sky. However, the north and 
the north-east were continually threatening; the clouds did not move, and I 
still heard the bar in the north-east, so that J was between hope and fear. But 
this state of uncertainty did not last for very long: little by little the winds 
passed to the west, to the north-west. and to the north; in less than seven or 
eight minutes the weather was obstructed, as it were, by the approach of a gust 
of wind ; from the north the winds passed to north north-east, and north-east, where 
they were at about five thirty. Then they blew with fury; the great clouds 
which until then had been motionless in the north-east began to move. They 
soon spread out so that they formed a second curtain. Among several little 
gaps that they left between them could be perceived the upper layer of clouds 
which was pale and continuous, but quite sufficient to hide the sun if it had been 
the only layer. The ships which until then had not swung before the wind, were 
forced to do so: the sea was white with foam, and the air darkened by the 
eddies of sand and of dust which the force of the wind kept raising continually. 
This terrible squall lasted until about six o’clock. The wind died down, but the 
clouds remained. At three or four minutes before seven o'clock, almost the 
moment when Venus was to go off the sun, a light whiteness was seen in the 
sky which gave a suspicion of the position of the sun, nothing could be dis- 
tinguished in the telescope. 

Little by little the winds passed to the east and to the south-east where they 
were at nine o'clock for a little while; the clouds brightened, and the sun was. 
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seen quite brilliant; we did not cease to see it all the rest of the day although 
the base of the sky remained covered with a whitish cloud. . . . 

It is indeed a very singular and very rare phenomenon on the coast of 
Coromandel to have experienced during the season of the monsoon from the 
south and of the land breezes, a turning of the winds to the north-east, and a 
sort of gale from this direction which lasted two hours at the most... . 

There was the same thing at Madras, where M. Call, chief engineer of that 
place, had been commissioned by M. Maskelyne to make the observations. .. . 
The observers were sleeping tranquilly when they were awakened by a most 
abundant rain and by a gusty wind, which carried off the tent and upset a part 


of their instruments. . . . This whirlwind was felt along the whole coast of 
Coromandel for more than thirty leagues advancing along the land of the 
peninsula. 


That is the fate which often awaits astronomers. I had gone more than ten 
thousand leagues; it seemed that I had crossed such a great expanse of seas, 
exiling myself from my native land, only to be the spectator of a fatal cloud 
which came to place itself before the sun at the precise moment of my observa- 
tion, to carry off from me the fruits of my pains and of my fatigues... . 

I was unable to recover from my astonishment, I had difficulty in realizing 
that the transit of Venus was finally over... . At length I was more than two 
weeks in a singular dejection and almost did not have the courage to take up 
my pen to continue my journal; and several times it fell from my hands, when 
the moment came to report to France the fate of my operations. . . . 

While the sky was treating me thus at Pondicherry, it presented the most 
calm appearance at Manila, as I have learned since by letters which I received 
and through Don Estevan y Melo himself who sent me the observation which 
he had made along with Father Théatin. M. Dargelet took the trouble of 
calculating it; you will see that it is very exact, and that it should merit perhaps 
as much as many others to be used for the parallax of the sun. 

Le Gentil had by no means seen the end of his misfortunes. He 
fell ill, and in addition had considerable difficulty in getting passage 
back to France. In the following extracts we read of his troubles, as 
well as of the sad fate of M. Veron, another astronomer imbued with 
zeal for making observations in remote lands, but who became a 
victim of the diseases rampant in the tropics. 

During the month of September while observing the comet I was attacked by 
a daily fever of which I did not take very good care in the beginning, and which 
finally forced me to stay for several days in my room. 

My plan had been to go back to France on the ship Villevault: it was to leave 
in the month of October and go past the Isle de France. I had several cases 
of natural history to take on there; hence this arrangement suited me very 
well. ... I was in bed at the time that the vessel left. My recovery was only 
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apparent. Toward the end of December I fell seriously ill of the same fever; 
jit was accompanied by dysentery and very sharp pains in my stomach. This 
time I recovered from it only with very great difficulty, and I saw myself 
almost forced to remain always in Pondicherry; but I had so great a desire to go 
back to Europe that I embarked on March 1, 1770, still convalescent, on the 
ship the Dauphin. This ship was to pass by the Isle de France, remain there 
several days, and continue its route to France; we anchored at the Isle de 
France on the evening of the 16th of April. 

The state of my health did not permit me to continue on the ship and to go 
around the Cape of Good Hope in the bad season. M. Law had very strongly 
assured me before I left, that the Indian, which had gone to the coast of 
Malabar, would pass by the Isle de France in the month of May, or in the 
month of June. I therefore decided to stop at this island, and to recover entirely 
while waiting for the ship Indian. I found on the Isle de France my acquaintances 
and my friends, among whom I recovered from the fatigues of the voyage and 
regained my health. ... 

I had seen in India M. Veron, who had just made the trip to the south seas 
with M. de Bougainville. This astronomer was then on the Vigilant, a ship of the 
King, and he was going to the Moluccas; this was in the month of June 1769, 
when I saw him during his respite at Pondicherry, I gave him a letter of recom- 
mendation for Don Estevan Roxas y Melo in Manila, through which he was to 
pass and where he proposed to observe the transit of Mercury across the sun 
on November 9 of the same year, 1769. He arrived at the Isle de France in 
extremity, from a fever which he had acquired by his great zeal to observe 
throughout the night on land when he was at the Moluccas; he died three or four 
days after disembarking from ship, July 1, 1770. 

M. Veron was of a very gentle character, tireless in work, a good observer; 
he could be counted on when entrusted with some operation relative to 
astronomy. ... hence he was very much mourned by the commissioner. 

I asked the commissioner for the papers, maps and journals of this astrono- 
mer: they were handed over to me numbered and signed, under receipt; I made 
a copy of them which I took away with me. The original remained at the 
Isle de France, and my receipt was returned to me. 


This same commissioner tried to persuade Le Gentil to take a trip 
to the island of Tahiti for further discoveries, but by this time, Le 
Gentil says, a disgust of travel was beginning to lay hold on him, and 
he was impatient to see his native land. He therefore embarked on the 
ship Indian, expecting that he was making his final departure from 
the Isle de France, and little knowing what was ahead for him. 


The Indian arrived July 26; this ship belonged to the India Company; I 
therefore asked for my passage from the administrators of this company; they 
procured for me all the facilities which I needed. I took on board with me all 
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my cases of natural history, to the number of eight, which I had left in the 
hands of a very reliable person on my departure for Manila. We were to stop 
at the Isle de Bourbon, at the Cape of Good Hope, and at Ascension Island. 

I was impatient to leave. We were approaching the season of hurricanes, the 
plagues which so often afflict the Isles of France and of Bourbon, and I knew 
that ships which meet these hurricanes fare very badly. We leit the port ot 
the Isle de France November 19, 1770: we would have been able to leave a 
week sooner. On the afternoon of the 20th we anchored at the Isle of Bourbon, 
at the harbor of Saint-Denys. The too long and useless sojourn which we made 
there was fatal to us, and caused me all the obstacles and the delays which 
remain for me to describe. December 3rd we were attacked by a hurricane 
which forced us to weigh anchor on the broadside and gain the open sea; it 
was then noon. Towards evening the try-sail was put out under the fore 
During the night the violence of the wind and sea was so great that the helm 
of the rudder broke in its mortise; while the carpenters were busy repairing the 
helm, the tide-wave broke the bowsprit mast from its gammoning: this fall 
pulled down the main top-mast and the mast of the top-gallant sail of the 
mizzen-top, which all came down in a single fall; our main-yard was badly 
damaged, and I regard it as a sort of miracle that our main mast did not fall; 
for our main-shrouds had then more than six inches of slack; besides that, we 
were leaking in all parts. We took six or seven days to get into shape to reach 
the Isle de France again; we arrived there January 1, 1771, to the great 
astonishment of all the colony, since the last thing they expected was to see us 
again 

This annoying disaster made me lose all my hopes, made all my plans 
vanish. However much desire I had to be in France, I saw myself separated 
from it by an immense barrier and probably for a long time. This delay caused 
me the greatest anxiety because I felt that it could hurt me very badly. I had 
received at Pondicherry letters from my procurer in lower Normandy which 
had informed me that my heirs had spread the rumour of my death; that they 
spoke of nothing less than of having him give a reckoning and of taking 
possession of my estate. They lacked a certificate; and it was the sole difficulty 
which had held them back until then. ~ 


(To be concluded) 
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REVIEW OF PUBLICATIONS 


Untersuchungen des Lichtwechsels von 70 unperiodischen V cran- 
derlichen, by Max Beyer. Pages 74; 84 x 11% inches. Astronomische 
Abhandlungen, Erganzungshefte zu den Astronomischen Nachrichten, 
Band 12, Nr. 2. Akademie-Verlag. Berlin, 1950. Price, 9 marks. 

Variable stars which are correctly assigned to the category of 
“irregular” require an enormous amount of persistent observation 
to obtain a representation of the light changes. Since for most 
workers on variable stars one of the great satisfactions is to derive a 
period, Dr. Beyer is to be commended for his arduous labours on 98 
stars for which no such satisfying outcome is possible. The stars he 
has selected for his work are in the 19 per cent. of variables which do 
not have periodic light changes. 

The mean length of cycles for these stars falls between 45 and 
120 days, between those of the Delta Cephei and Mira types. Mostly 
the stars are red, but a few are white or yellow. For each of 70 stars is 
given a history, a series of observations (usually more than a 
hundred, over five or ten years of time) and a classification of the 
light changes by comparison with well known irregular variables, 
such as R Cor Bor, u Cephei, etc. There is one figure giving light 
changes for eight red irregular variables chosen as types. A final table 
which includes stars previously discussed by Beyer in the Astro- 
nomische Nachrichten brings to 98 the total number of irregular 
variables considered in this paper. 


H. S. 


Astronomischer Jahresbericht, vol. 48, published by the Astro- 
nomischen Rechen-Institut, Heidelberg, Augustinerstrasse 15, Semi- 
narienhaus. 


This is the 48th volume of an important German periodical which 
summarizes very completely the astronomical literature of the year. 
This volume covers the literature of the year 1948. The material is 
presented in a most convenient form. There are fourteen main 
classifications such as general, historical, instruments, spherical 
astronomy, etc., and within each classification there are a number of 
sub-classifications. Individual papers are numbered in accordance 
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with this method of classification and each is briefly summarized. In 
addition, there are indices of minor planets by number and name, 
giving all references made in papers published in 1948. The same is 
true of comets and variable stars. Also there are lists of astronomical 
periodicals and observatory publications as well as a complete name 
index and a subject index for quick reference. 


J. F.H. 


The Computation of Elements of Eclipsing Binary Systems, by 
Zdenek Kopal, $5.00, Harvard University Observatory Monograph 8. 


Dr. Kopal is well known to astronomers for his contributions to 
the theory of eclipsing variables. He has been foremost among those 
advocating analytical methods of analysis. He has studied small 
effects in eclipsing binaries and has prepared extensive tables to 
facilitate their analysis. The theory which Kopal presented in “Intro- 
duction to the Theory of Eclipsing Variables” (Harvard Observatory 
Monograph 6) is discussed in the present monograph from the point 
of view of the computer. A few new considerations due to Piotrowski 
are included. This monograph is designed to be used with the tables 
in Harvard College Observatory Circular No. 450, and the notation 
is the same as in that Circular. 

Computers will be indebted to Dr. Kopal for his very full account, 
which is based on considerable experience with these methods. The 
amount of observational material calling for such detailed analysis 
remains regrettably small, as only observations of high precision 
justify the great labour involved in complete analysis. While Dr. 
Kopal is to be complimented on a very clear presentation of the 
difficult question of rectification, a small point which has not been 
considered explicitly is the allowance for the eclipse of the reflected 
light, which is not taken into account by the ordinary method of 
rectification. Until more detailed investigations of the reflection effect, 
and of the distribution of brightness on distorted stars are made there 
must remain some reservations as to the validity of the assumptions 
on which the referred to analysis is founded. 

It is a pleasure to find Dr. Kopal advocating the use of Cracovian 
matrices for the solutions of the normal equations of least squares. 


This elegant method is not as well known as it deserves to be, and 
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Dr. Kopal has included an account of it in an appendix to his Mono- 
graph, and readers who wish to acquaint themselves with this method 
will find it advantageous also to refer to the original contributions 
of Banachiewicz in the Acta Astronomica. 


R. L.B. 


Constantes Fondamentales de l’Astronomie. No. 25 of Colloques 
Internationaux du Centre National de la Recherche Scientifique. Pages 
130, 64% by 9% inches. Centre National de la Recherche Scientifique, 
13 Quai Anatole France, Paris (7), 1950. 


This publication, paper bound, partly in French and partly in 
English, is one of a series of reports of the International Colloquia 
of the National Centre of Scientific Research which are organized 
with the help of gifts from the Rockefeller Foundation. This particular 
colloquium on Fundamental Constants of Astronomy was held in 
Paris from March 27 to April 1, 1950, and was organized by Professor 
A. Danjon, Director of the Paris Observatory. 

As Mr. G. M. Clemence, one of the American delegates to this 
conference, points out, there are three important considerations in any 
discussions or decisions concerning astronomical constants. Firstly, 
it is clearly important that values of constants used in astronomical 
calculations should be those of the best available determinations. 
Secondly, it is even more important that the values of the constants 
should not be so frequently changed that intercomparison of results 
which have incorporated these constants should be difficult or even 
impossible without complete re-calculation. Thirdly, it is most im- 
portant that an adopted set of constants should be consistent within 
itself, that is to say, that the values of any group of these constants 
should satisfy any exact theoretical relation which is known to con- 
nect the constants of the group. The more one considers the various 
astronomical constants, such as unit of time, values of the solar 
parallax and lunar parallax, mass of the earth, general precession, etc., 
the more one realizes the difficulties which faced the delegates to this 
conference in the light of these three considerations. To change the 
accepted value of one constant, even with the support of incontro- 
vertible evidence, may result in much confusion which could persist 
for years. If, therefore, we find in, let us say, the Opserver’s Hanp- 
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BOOK that the mean distance from earth to sun is 92,897,416 miles, 
whereas modern textbooks quote Spencer Jones’ recent excellent de- 
termination of 93,005,000 miles, it is not that the Editors of the HAnp- 
BOOK are heedless of the new determination; rather it is that inter- 
national agreement has not been reached concerning the adoption of 
a new value with all the ramifications that would be entailed. Strangely 
enough, it is often better to persist in a known inaccuracy than to 
make hasty and frequent revisions. 

In the publication under review there are set forth by a number 
of well-known American, British, French, and Russian astronomers, 
new determinations of the values of astronomical constants and 
arguments for and against the revision of accepted values. The upshot 
is that the conference recommended that no change be made at present 
in the conventionally adopted value of any constant. However, they 
did recommend other procedures to improve consistency and accuracy 
of various astronomical calculations, and they recommended continued 
efforts in specific directions towards improvement of the values of 
the constants. To put the resolutions and recommendations in such 
few words may make it appear that little was accomplished, but a 
careful reading of the publication shows that much was accomplished 
indeed. In the words of one of the Russian delegates, ‘““—the colloquium 
will have an influence in the history of our science and will constitute 
a step forward for the good of humanity.” 


J.F.H. 
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MEETINGS OF THE SOCIETY 


ANNUAL AT-HOME 


January 19, 1951.—The annual At-Home was held at 8.00 p.m. on Friday, 
January 19, in the McLennan Laboratory, University of Toronto; the retiring 
President, Mr. Andrew Thomson, in the chair. 

Mr. E. J. A. Kennedy, National Secretary, reviewed briefly the annual 
report which he had presented at the Annual General Meeting on January 12, 
and read the names of Officers and National Council elected at that time. It was 
noted that the Society is now ending its 60th vear. Mr. Kennedy read a letter, 
regretting inability to be present at the At-Home, from Dr. Sidney Smith, 
President of the University of Toronto. He also mentioned that Mr. H. W. 
Barker, the Recorder, was seriously ill in hospital. 

Mr. A. R. Clute read the resolution that he had moved at the Annual 
Meeting and which had been seconded by Mr. W. J. McCallion, President of 
the Hamilton Centre, in which the life of the late Dr. Frank Scott Hogg had 
been reviewed and which expressed the Society’s sympathy to Dr. Helen Hogg 
and their children on his untimely passing on New Year’s Day. Mr. Clute also 
read a telegram of sympathy to the Society from Dr. J. A. Pearce on behalf 
of the staff of the Dominion Astrophysical Observatory at Victoria. 

Mr. Kennedy informed the members that two distinguished astronomers, Dr. 
Edwin P. Hubble of the Mount Wilson and Palomar Observatories and Pro- 
fessor H. H. Plaskett of Oxford University, had been elected to Honorary 
Membership in the Society. 

Mr. F. Keith Dalton, B.A.Sc., of Toronto, was then asked to come forward 
to receive the Chant Medal for his contributions to astronomy as an amateur. 
The National Secretary said the committee on award had been particularly 
impressed by Mr. Dalton’s research on the microhardness of meteorites. 

Mr. Thomson then presented the Presidential Address on “Climate Changes 
in Canada in the Last 100 Years.” (The paper will be published in this 
JOURNAL. ) 

Dr. V. B. Meen, Director of The Royal Ontario Museum of Geology and 
Mineralogy, spoke briefly on the recent expedition to the site of the Great 
Ungava Meteor Crater and presented a film depicting the crater and the 
surrounding area. (A model of the crater was set up for inspection by members 
and guests after the meeting. ) 

Dr. J. F. Heard read a resolution which had been presented to the Annual 
Meeting and which urged that the federal government take the necessary steps 
to investigate the crater and to ensure its preservation as a national park or 
in some other suitable manner. He thanked Dr. Meen for his contribution to 
the evening’s programme and quoted Dr. Peter M. Millman of Ottawa (who 
was present) as stating that “this crater, the largest known on earth, is the 
first overlap between terrestrial and lunar craters.” 
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Mr. Thomson then called on Dr. C. S. Beals, the new President, to take 
the chair, and Dr. Beals spoke briefly, thanking Mr. Thomson for his address 
and congratulating him on the success of the Meteorological Service of Canada 
of which he is Controller. He also congratulated Dr. Meen on the great service 
rendered to science by his exploration of the Ungava Crater. 

The formal meeting was then adjourned and members and guests met in 
the library for a social hour and refreshments. 


Freperic L. Troyer, Recorder pro tem. 


AT WINNIPEG 

November 8, 1950.—The regular meeting was held November 8, 1950, in 
Convocation Hall of United College with the President, Mr. E. R. Gardner, in 
the chair. 

Mr. Gardner introduced the speaker of the evening, Mr. L. T. S. Norris- 
Elye, Honorary President of this Centre, and Director of the Manitoba Museum. 
His lecture was entitled ‘‘A Brief Discussion on Meteorites”. Mr. Norris-Elye 
first defined the term meteorite. A meteor is a celestial cbject which is in reality 
a miniature planet. They vary in size from pinheads to many tons. When one 
of these objects passes near to the earth, it is drawn towards the earth by gravi- 
tational attraction. If it passes through the atmosphere without being completely 
vaporized due to friction, it becomes a part of the earth’s geology and is then 
known as a meteorite. 

Meteors travel at speeds varying from 18 to 40 miles per second. As they fall 
towards the earth, they obey the laws of falling bodies. Some of their energy is 
dissipated through friction with the atmosphere; some meteors burst as they ap- 
proach the earth. In recent years they have been investigated by radar, which 
eliminates the need for clear skies. 

Meteorites can be classed in three groups: the aerolites are stony and com- 
paratively light in weight; siderolites are composed of metal and stone and are 
heavier; siderites are almost pure metal and are very heavy. Mr. Norris-Elye 
discussed the methods used in identifying meteorites. They have no sharp corners 
as these have been fused during the fall. Usually they are covered with a black 
fusion crust; this oxidizes in time. They contain chondrules which are not found 
in earthly rocks. The majority of meteorites contain nickel, so that testing for 
nickel may help in the identification. Widmanstatten lines which are brought 
out through acid treatment are found only on meteoric matter. Tektites are 
objects found in equatorial regions which are also believed to be of extra-terrestrial 
origin. One theory claims that they are fragments struck off the moon by meteor- 
ites. The impact would cause the fragments to move away from the moon at a 
speed greater than its escape velocity and come under the influence of the earth’s 
gravitational field. 

Mr. Norris-Elye spoke of the work carried on by Dr. H. H. Nininger at the 
Meteor Museum in Arizona and of his meeting with Dr. V. B. Meen who investi- 
gated the newly discovered Chubb meteor crater in the Ungava district of Qnebec. 
The audience was invited to inspect the meteorite collection on display. 
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December 13, 1950.—The regular meeting and annual meeting were held in 
Convocation Hall, United College, the President, Mr. E. R. Gardner, being in 
the chair. 

Following the business of the annual meeting, Mr. H. E. Rasmussen an- 
nounced his topic for the evening, ‘‘The Challenge of the Ruled Grating’. In 
brief, the speaker restated Newton's discovery of how a beam of light going 
through a prism was dispersed into the different colours of the spectrum. He 
then proceeded to explain the discovery that a ruled grating also caused light to 
be broken up into a spectrum. While the lines of the grating could be of any 
particular shape, that is, angular or curved, etc., they must be uniform in cross 
section. It was then shown how infinitely greater the resolving power of the 
diffraction grating was as compared to the ordinary prism. The speaker then 
illustrated the formula for arriving at the resolving power of any particular 
grating; he showed how simply, by this formula, one could arrive at the wave- 
length of any type of light. Mr. Rasmussen then amazed the gathering by his 
graphic illustration of the spectra caused by a small diffraction grating that he 
had which had 25,000 lines ruled on it. A few of the different types of ruling 
engines and their methods were then illustrated. The speaker went on to tell 
how Professor Wood fortuitously spilled collodion on a grating and discovered 
that when the layer of collodion was peeled off, he had an accurate copy of the 
original. Mr. Rasmussen closed his lecture by a demonstration of the amazing 
dispersion powers of a small grating. 

Two moving pictures were shown: ‘‘The Nature of Colour’, and “An En- 
cyclopaedia Britannica Project on Atomic Energy”. 


January 10, 1951.—The regular meeting was held in the Grain Exchange 
Lecture Room in the Grain Exchange Building. There were about 25 persons 
present. The Vice-President, Mr. H. E.Rasmussen, occupied the chair. 

The President, Mr. E. R. Gardner, due to the sudden death of his father, 
Mr. W. H. Gardner, was unable to be present. It was moved by Mr. V. Jones, 
seconded by Miss O. Armstrong, that a letter of condolence be sent to Mr. Gardner 
on his bereavement. It is noted in passing that the death of Mr. W. H. Gardner 
wrote “‘Finis’’ to a long and useful career of one of Winnipeg's finest citizens. 

The Chairman welcomed several visitors who were present, in particular Mr. 
Scobel, Scout Commissioner for North Winnipeg, whose prime interest was the 
setting up of a plan whereby Winnipeg Scouts could be examined for the Starman’s 
Badge. It was suggested that local Scout leaders be placed on the mailing list 
of the Society for observation nights or any special lectures pertinent to the 
Scout movement. 

With the kind courtesy of Air-Commodore M. Costello, Corp. Wiener and 
L.A.C. Green showed four very interesting films. The first film, ‘Nautical 
Astronomy”, showed in detail the evolution of the theories of celestial navigation 
and explained the relationship of the earth to celestial bodies. It showed how 
any position on the earth’s surface could be determined accurately by simple 


trigonometrical functions of observations of the celestial bodies. The second 
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film, “Star Identification”, dealt at length with some of the major constellations 
of the heavens and showed diagrammatically their relation to the Pole Star: it 
indicated various methods for locating the brighter stars in the heavens. The third 
and fourth films dealt in fine detail with the “Swinging of the Astral Compass”. 
These two films were of exceptional interest to a few of the members present who 
had had actual experience in air navigation with the Astro Compass during World 
War Two. 

Mr. Rasmussen thanked Corp. Wiener and L.A.C. Green and commended 
them on the manner in which they showed the films. The Secretary, Mr. A. J. 
Vincent, said he would write a letter to the Commanding Officer in Winnipeg 
thanking him for his kind co-operation in arranging the showing of the films. 


J. A. Wuite, Secretary. 


February 14, 1951.—The regular meeting of the Society was held in The 
Grain Exchange Building at 8.15 p.m., with the President, Mr. E. R. Gardner, 
occupying the chair. There were 13 members present. 

Mr. Rasmussen described his discussion with Mr. Scoble, Scout Com- 
missioner for North Winnipeg, and outiined the procedure whereby a set of 
four lectures had been planned, three of which had already been held, regarding 
the examination of Scouts for the Starman’s Badge. He explained what know- 
ledge was required for the Starman’s Badge. Mr. Rasmussen was tendered a 
unanimous vote of thanks for the interest shown to the Scout Movement in 
disseminating information on behalf of the R.A.S.C. 

A film called “Some Spring Time in Holland” was then shown. This was 
a treat in colour that we have seldom been privileged to see. 

A second film called “Solar Prominences”, which was sent to the centre by 
the National office, while of an entirely different nature, was none the less most 
interesting. The film showed the huge clouds composed of calcium gas known 
as solar prominences, and their behaviour on the periphery of the sun. It was 
agreed by all that this was a very excellent film and it was suggested by Mr. 
Gardner that the National office in Toronto be thanked for the use of the film. 

Mr. Gardner then read a short but very interesting paper on “The Planet 
Venus,” explaining that in the pure astronomical sense, the bright evening star 
that one can see in the western sky after sunset was not really a star but a 
planet just like the earth. The speaker elaborated on the behaviour of the 
planet. He explained that, although Venus was a comfortably heated planet with 
an atmosphere, there was no water or oxygen and it was axiomatic that there 
would be no life. It was pointed out that with our present knowledge and 
hypotheses, Mars would seem to be the only remaining hope for the possibility 
of the existence of life as we know it within the solar system. 

March 14, 1951.—The regular meeting of the Society was held on March 
14th in the Convocation Hall, United College, at 8.00 p.m. with the President, 
Mr. E. R. Gardner, occupying the chair. There were approximately 100 present. 

The film, “The Story of Palomar,” was then shown. It was unanimously 
decided that this was one of the most interesting films that the Society had 
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been privileged to witness. It dealt in fairly comprehensive detail right from 
the drawing board stage up to the time when the giant telescope was first put 
in use. The number of man-hours and the amount of money expended on this 
effort, which was fathered by the late Dr. George Ellery Hale, was really 
staggering. 

A series of 15 picture postcards taken from actual plates made by ‘the giant 
telescope, as well as pictures of the telescope itself, were put on sale. The sum 
of $11.60 was realized from the sale of these pictures, which will be applied to 
the expense of the postcards and the rent of the film. 

A. J. Vincent, Secretary 


AT EDMONTON 


October 12, 1950.—The meeting was called to order by the President at 
8:20. There were 27 members and visitors present. Mr. Gads gave a short 
account of his visit with the London Centre of the Society during May. 

The main paper was given by Mr. Stan Deane, one of our enthusiastic 
members who teaches chemistry at Victoria High School. His title was “Many 
Moons”. Although man no longer believes in the mystical powers of the moon 
over his life, he recognizes a number of influences, each subject to the laws of 
physics and dynamics. 

Newton’s and Kepler’s laws explain the motions of the moon, and the 
seeming irregularities. The moon moves around the sun in a concave orbit, being 
perturbed chiefly by the earth and to a lesser degree by the other planets. The 
inclination of the moon’s orbit about the earth, and its eccentricity make for 
difficulties in describing the motions simply. By counting the time from very 
ancient eclipses to modern ones, man knows the time of the moon’s revolution 
to 1/100 of a second. The moon’s distance and mass are also known as accurately 
as is the earth’s diameter. Lunar conditions favorable to astronomical observa- 
tions but unfavorable to life were discussed, and slides shown of the moon’s 
surface. The moon’s wrinkled and unchanging present was contrasted with its 
probable young and interesting past. s 

The accidental forecasting of Mars’ two moons,.Phobos and Deimos, by 
Jonathan Swift, 150 years before their discovery was a curious coincidence. 
The satellites of the other planets were also reviewed, with points of greater 
interest being stressed. 

November 9, 1950.—The meeting was called to order by the President at 
8:20. Members and visitors numbered 43. 

Dr. D. B. Scott reviewed the book “Worlds in Collision” by Immanuel 
Velikovsky. The publication, by the Macmillan Company in 1950, was preceded 
by sensational reviews in three magazines—Collier’s, Harper’s, and the Reader’s 
Digest. As a result, the book has sold widely and appears to have impressed 
a large number of people. Knowing this, it is interesting to read at least part 
of it. In this way one gets an idea of the concentration of foolishness that can 
be successfully foisted on the public. Although the book challenges almost the 
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whole of science, it is unscientific in the extreme. The members of the solar 
system, being only partially well-behaved bodies, have gone on destructive 
rampages in the past, and, we are assured, will do so again. This thesis is 
documented by references to the mythologies of all civilizations and even to 
some which the author says are no longer extant! The success of the book is 
an interesting commentary on publishing irresponsibility and the uncritical 
approach of readers. 

December 14, 1950.—The meeting was called to order at 8:00 by the Presi- 
dent after dinner in the King Edward Hotel banquet room. There were 38 
members and visitors present. The reports of the Treasurer, Secretary and 
Nominating committee were read and adopted. 

The main paper of the evening was given by Dr. R. L. Rutherford of the 
Department of Geology. Under a title which might have been the “Helping 
Hand” he discussed several ways in which astronomy or astronomers had helped 
in solving ,geological problems. One of these was concerned with the continental 
drift theory of which a short account was given. The study of seismology started 
in astronomical observatories and led to the discovery of discontinuities in the 
earth’s crust. From then it was a simple enough step in principle to create 
artificial earthquakes to help in the search for oil domes. Interpretation of such 
records is very difficult. Very accurate measurements of gravity were made as 
the result of disagreements between surveyors and astronomers in India. From 
this came the whole theory of isostasy. Similar gravity measurements are now 
used to locate anomalies in the earth’s crust and again this method has been 
used extensively in the search for oil. 

The problem of the slowdown of the earth is very important to geologists. If 
the earth rotated more rapidly in past ages a natural question is, did geological 
changes occur more rapidly as well? The speaker concluded with some general 
remarks on the world wide distribution of oil and gas. The great bulk of it is 
in young rocks and the next most important in the middle aged rocks. It is 
an interesting fact that the Texan and Near Eastern fields are almost at opposite 
ends of a diameter of the earth and these two fields comprise two-thirds of the 
proven reserves. The speaker closed with the question regarding any help 
that astronomy might give in interpreting what has happened to allow these 
gas and oil reserves to collect in these special places. 


E. H. Gowan, Honorary Secretary 
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